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(54) ReoDitiing apparatus, recording metiiod and diso^aped recoixl medium 



(57) A Writter Block B'rt Map WBBM is recorded (8) 
in a lead-in area of a rewritable disc (1). The WBBM is a 
bit map ^at represents whether each block that is a 
record/r^roduction data unit is a recorded block or a 
non*recorded block. A finalizing process lor recording 
dummy data in the vicinity of a recorded block is per- 
formed so that a read-only disc drive can seek a block 
and a servo opo-ation of the drive can be stable. At this 
point, with reference to the WBBM, the efficiency of the 



process can be improved. When a piuralrty of WBBMs 
are ring-structured and the WBBMs are successively 
updated, the write operation can be prevented from 
being concerrtrated to the same area. In addition, a 
destroyed WBBM due to a power failure or the like can 
be restored. The value an update counter represents 
the latest WBBM. 
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Description 

BACKGROUND OF THE iNVENTKDN 

Field of the Invention 5 

[0001] The present invention relates to a recording 
apparafeis for use with an optical disc or the like, a 
recorcfing method ftiereof. and a disc-shaped recording 
medium. 10 

Description of the Related Art 

[0002] Disc-shaped record mediums (for example. 
DVDs) can be categorized as rewritafcrfe mediums 15 
(DVD+RW) and read-only mediums (DVD-ROM) 
depending on tiieir characteristics. Smce their physical 
formats are similar, it is preferaiie to allow a DVD-ROM 
drive to reproduce data from a DVD+RW disc. There are 
difference between the DVD+RW drive and the DVD- 20 
ROM drive in a spindle servo signal and a method for 
obtaining a position signal (address) of a medium. The 
DVD+RW disc has a wobbling groove. The DVD+RW 
drive obtains a position signal from a reproduced signal 
of the wobbling grocva In contrast, the DVD-ROM disc ss 
does not have sudi a wobwing groove* Tne DVD-ROM 
drive obtains a position signal from a frame synchro- 
nous signal and an address signal reproduced from the 
DVD-ROM disc. 

[0003] To allow the DVD-ROM drive to reproduce data 30 
from the DVD-RW disc, a frame synchronous signal and 
a position signal are placed in data of the DVD+RW 
disc. However, since the DVD+RW disc has a non- 
recorded portion before or after recorded data, it is diffi- 
cult for the DVD-ROM drive to reproduce data from the ss 
DVD+RW disc. In realify, «nce the DVD-ROM drive can- 
not reproduce frame synchronous signal from the 
DVD+RW disc, the DVD-ROM cannot stably operate the 
spindle servo and perform the seek operation for read- 
ing a desired sector from the DVD+RW disc. 40 
[0004] The seek operation is performed in a combina- 
tion of a coaiBe se^ operalton and a fine seek opera- 
tion. In the coarse servo operation, many tracks are 
jumped at a time. On the other hand, in the fine servo 
(deration, a desired sector is acquirej in the vicinity of 45 
a target position. Due to the eccentricity of the disc, 
vi^en the seek operation is performed in the fine servo 
operation, a da^ation of several ten tracks to several 
hundred trades rvsrmaily takes place. If the jumped posi- 
tion is a non-recorded area, the target track cannot be so 
acquired. Thus, when the seek operaSon is performed, 
da^ con^ning a frame synchronous signal and a posi- 
tion signal should have been recorded in the vfoinlty of 
the target sector. 

[0005] Thus, to allow me DVD-ROM drive to repro- 55 
duce data from the DVD+RW disc, dummy data should 
have been recorded before or after recorded data on the 
DVD+RW. To do that, a process referred to as finalizing 



process is performed. The finalizing process can be 
performed in the Mlcwmg two methods. 
[OOOS] As the first method, a file system Is analyzed. 
Generally, a file system has a space bit map for allocat- 
ing a user area. A UDF system that is often used for 
DVD discs has a space bit map and information that 
represent whether or not each entry of each file has 
been recorded. Thus, when the file system is analyzed, 
a po^on of user data (namely, a position to which 
dummy data should be written) can be obtained. This 
me^od is performed by an application program of a 
host computer. 

[0007] As the second metiiod, a blank area is 
detected, in this metiiod. all blocks of the DVD+RW disc 
are read. When a block can be read, it is treated as a 
recorded block On the other hand, when a block cannot 
be read, the hardware of the drive determines whether 
an RF signal is absent (namely, data has been 
recorded) or data that has been recorded cannot be 
reproduced. When the RF signal cannot be obtained, 
since data has not been recorded, dummy data Is 
recorded. Even if tiie RF signal is obtained, when data 
cannot be read, the drive deternr^nes whether the rde- 
vant block is unchanged or dummy data is ovenwritten 
depending on the amount of an BCC error or the like. 
[D0D8] The first method (for analyzing a f rie system for 
use) can be effectively performed as long as me nurrf^er 
of directories/files is small. However, when the number 
of directories/files Is as large as several thousands, it 
takes a long time to perfonn the process, This, this 
memod is not effective. In the file system other than the 
UDF system, this method cannot be used because 
available information is limited to allocation information. 
In other words, depending on a file system for use, the 
feasibility of this method is restricted. On the other 
hand, the second method (for detecting a blank area) 
can be used regardless of a file system for use. 1-lcw- 
ev^. since ail blocks of the disc should be read, it takes 
a long time to perform frie process. 
[0009] Other than the above-described two methods, 
when a disc is formed, a certificating process may be 
required. In the ceritificating process, a certification pat- 
tern is recorded on the entire disc. By reproducing the 
data, it Is determined whether or not there is a defect on 
thedisc. Thus, when the certification pattern is recorded 
on the entire surface, since non-recorded are^ are 
absent, the finalizing process is not required. However, 
^nce the stora^ capacity of the EWD+RW cSsc Is large, 
it takes around one hour to perfomi the certificating 
process. Thus, since this method is not effective, it is 
improper to require the user to perform the certificating 
process. 

OBJECTS AND SUMMARY OF THE INVENTION 

[001 0] It is therefore an object of the invention to pro- 
vfcle a recording apparatus that allows the finalizing 
process to be quicldy performed regardless of a file sys- 
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tern for use, a recordng method thereof, and a disc- 
shaped recording medium thereof. 
10011} According to a first aspect of tie invention, 
there is provided a recording ^paratus for use with a 
disc-shaped record medium having a user data area 5 
and a mana^ment area» comprising: 



[001 2] Accordng to a second aspect of the Invention, 
there Is p^o^^ded a recoiding method for use wfth a 

rewritable disc-shaped record medium having a user 
data area and a management area, comprising the 
steps of: 

creatir^ a bit composed of bits that represent 30 
whether or not each record/reproduction data unit 

has been recorded; 

recording the bit map to the management area of 
the disc-shaped record medium; and 
referenclr^ the brt map and adding a predeter- 3S 
mined amount of data that contains at least one of 
servo information and position Information to a non- 
recorded area in the vicinity of recorded data so as 
to allow a reproducing apparatus that reproduces 
data from a read-only disc-shaped medum and 40 
cbiams at least one of the servo inlbrmation and the 
position information from a reproduced signal to 
reproduce data from a rewritable disc-shaped 
record medium. 

4S 

[0013] According to a third aspect of the Invention, 
there Is provided a disc-shaped record medium having 
a first rewritable area for recording user data and a sec- 
ond rewritable area for recording management data, 

50 

wherein at least one of servo information and posi- 
tiort 'in^m^(^ is pre-recorded as wotolmg Infor- 
mation in a wobbling groove, and 
wherein the s^nd rewritable area has a bit map 
that represents whether or not each data unit tor 5s 
recording/reproducing for the first rewritable area 
has been recorded. 



1^14] A bit map that is a set of bits representing 
whether or not each block as record/reproduction data 
umi has been recorded is recorded in a management 
area of the disc* Thus, whwi the fffiafizing process is 
performed, finalization data (dummy cteta) can be 
recorded with reference to the bit map. Consec^entiy 
^e finalizing process can be quickly performed regard- 
1^ of a file system for use. In addition, the user is not 
requested to periorm the certifying process, 
[0015] The above, and other, objects, features and 
advantage of the present invention will become readily 
appar^t from the following detailed description thereof 
which s to be read in connection with the accompany- 
ing drawir^. 

BRIEF DgSCRIPTION OF THE DRAWINGS 
[0016} 

Fig. 1 15 block diagram showing the s&'ucture of 
each area of a drive according to an embodimant of 
the invention; 

Bg. 2 is a sch^natic diagram showing the stoK^re 
of each area of a disc-shaped record medium 
accoiding to the invention; 
Rgs. 3A and 3B are schematic diagrams showing a 
wobbling groove of the disc-shaped record medium 
according to the invention: 
Fig. 4 is a schematic diagram for explaining ^e 
frame structure of the wobbling groove of the dlsc^ 
shaped record medium according to the inventfon; 
Fig. 5 is a schematic diagram showing a sector for- 
mat of the disc-shaped record medium aca»ding to 
the invention; 

Fig. 6 ^ a schematic diagram showing a 32 kbyte 
fermat of the disc-shaped record medium according 

to the invention; 

Fig. 7 is a schematic diagram showing an inter- 
leaved state of an outer code in the 32 kbyte format 
of the d^-^ai:^ record medium according to the 
invention; 

Fig. 8 is a schematic diagram showing the block 
structure of the disc-shaped record medium 
according to the invention; 
Fig. 9 is a schematic diagram for explaining a final- 
izing proems; 

Ftg. 10 is a sdi&m^c dagram for explaining record 
posrtiors of WBBMs; 

Fig. 11 is a schematic diagram lor explaining the 

data structure of a WBBM; 

Fig. 12 is a schematic dagram for explaining a 

redundant write operation of WBBMs; 

Rg. 13 is a schematic diagram for explaining a ring 

structure of WBBMs; 

Figs. 14A and 148 are schematic diagrams for 
explalnii^ a WBBM having a bit map for user data; 
Rg. 15 Is a flow chart for explaining a process per- 
formed wfren a medium Is loaded to a drive; 



recordng means lor recording at least one bit map 
that represent whether or not each data unit for 
recording/r^roducing has been recorded; and io 
processing means for recording the bit map to the 
management area of the disc-shaped record 
medium, and referencing ^e bit map and adding a 
predetermined amount of data that contains at least 
CHie of servo information and position information to is 
a non-recorded area m the vicinity of recorded data 
so as to ^low a reproducing apparatus that repro- 
duces data from a read-only disc-shaped medium 
and obtains at least one of the servo information 
and the position information from a reproduced sig- 20 
nal to reproduce data from a rewritable disc-shsped 
record medium. 
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Rg. 16 rs a flow chart ior explaining a process per- 
formed when a write command Is executed; 
Fig. 17 IS a flow diart for explaining a process for 

updating a WBBM; 

Fig. 1 8 is a flow chart for explaining the finalizing 5 
process; 

Fig. 19 Is a schematic diagram for explaining a read 
RKxiffted write op^ation. 

DETAILED DESCRIPTION QF THE PREFEPiRED 
EMBOPlMENTS 

£0017] Next, with reference to the accompanying 
drawings, an en^xxiiment of the present invention will 
be descrftjed. In the embodiment, a phase change type 
disc is used as a rewritable optical disc. In reality; two 
discs whose diameters are 120 mm and whose thick- 
nesses are 0.6 mm are adhered to form a rewritable 
optical disc. In addition, the rewritable opHcai disc has a 
wds^ing grooves. vnW be described later, the wob- 
bfing groove is wobbled with a signal of which an 
address {a position signal) is wobbled. A dock signal for 
signal processing and an absolute address on the disc 
can be extracted from the reproduced signat of the wob- 
bling groove. 

[0018] In Dillon, the disc is rotated at OAV (Constant 
Angular Vi^aaty). Data is rewded in a groove. In other 
words, a groove system is used. Data, is recorded at 
GLD (Constant Linear Density) on the disc. The linear 
density is 0.35 iim/blt. A predetermined range of linear so 
densities rs designated. A rewritable area of the disc is 
cSvkied into many zones. In each zone, a linear density 
is defined. This type of disc is referred to as DVD+RW 
disc. However, it should be noted that the present inven- 
tion is not limited to a DVD+RW disc. In o^er words, the 35 
present invention can be applied to optical discs such 
as a groovefland record type disc and a magnetic opti- 
cal (MO) record disc. 

[001 9] Next, with reference to Fig. 1 , the structure of a 
disc drive for use with a rewritable optical disc such as a 4o 
DVD+RW disc wiJI be described in brief. In Fig. 1 , refer- 
ence numeral 1 is a phase change type optical disc. The 
optical disc 1 is rotated at CAV by a spindle motor 2. An 
optical pickup 3 is disposed so as to record data on the 
optical disc 1 and to reproduce data therefrom. 45 
[0020] Data ot an externai host processor 1 0 is sup- 
plied to the disc drive through an interface 4. A control- 
1^ 5 is connected to the interface 4. A buffer memory 6 
is connected to the controller 5. The buffer memory 6 
stores write data or read data. Write data is supplied so 
from the controller 5 to an encoder 7. The encoder 7 
converts the write data into sector-structured data, 
encodes each EOC block ttBt is composed of 16 sec- 
tors wth an error correction ccxie, and adds a frame 
synchronous signal and a linking section. 55 
[0021] The frame-structured data Is supplied to a 
recording systm 8. The recording system 8 performs a 
digital modulating process and so forth. The recording 



system 8 supplies record data to a laser drive 9. The 
laser drive 9 generates a drive waveform correspondhg 
to a predetermined level necessary for recording data to 
the qjticai disc 1 - Output data of the laser drive 9 is si^- 
plied to the optical pickup 3. 

[0022] The optical pickup 3 reproduces data on Ihe 
optica! disc 1. The reproduced data is detected by a 
photo detector The detected signal is supplied to an 
anpfrfying circuit 11. An output signal of the anrplifying 
circuit 1 11$ supplied to a reproducing system 12 and a 
servo system 14. The amplifying circuit 11 calculates 
the detected signal of the photo detector and generates 
an RF signal, a tracking error signal, and a focus error 
signal. The RF signal is supplied to a reproducing sys- 
tem 12. The traddng enror signal and the focus error sig- 
nal are supplied to a servo system 14. 
[0023] The reproducing system 12 performs a digital 
demodulating process. In addtion, the r^roducing sys- 
tem 12 processes a reproduced signal of a wobbling 
groove arid denrxxiulates an eddress. The separated 
frame synchronous signal and the address are supplied 
to the servo system 14. The servo system 14 performs 
a tracking servo operation and a focus servo operation 
for the optical pickup 3. In addition, the servo system 1 4 
performs a si:xndle servo operation and a sled servo 
operatidnfbr the opticai fMdojp 3. in the sled servo oper- 
ation, the servo system 14 moves the optica! pickup 3 in 
the radius direction of the disc. 
[0024] The reproduced data of the r^roduang sys- 
tem 12 is supplied to a decoder 13. The decoder 13 
decodes an error correction code {namely, corrects an 
error of the reproduced data), disassembles the r^ro- 
duced data into sector-structured data, and performs 
artt3ther process. The reproduced data of the decoder 
13 is supplied to the controller 5, Thereafter, the repro- 
duced data is stored In the buffer memory 6, When a 
read commaruf is received from the host processor 10, 
read data is sent to the host processor 10 through the 
interface 4. 

[0025] To drive the entire operation of the disc drive, a 
CPU 21 is disposed. A RAM 23 and a ROM 24 are con* 
nected to the CPU 21 through a bus 22. The ROM 24 
stores a program. A reproduced address of the repro- 
diKing system 12 is supplied to the bus 22, In addition, 
the controller 5 is connected to the bus 22. 
10026] l>Jext, an example of the rewritable optical disc 
t will be descrfoed. F^. 2 shows the structure dt areas 
from the inner periphery side (lead-in ade) to the outer 
periphery side (lead-out skle) of the disc. In Rg. 2, the 
radius position and absolute address (in hexadecimal 
nota^on) of each area of the disc are denoted on the left 
side and the right side of the diagram. 
[0027] Emboss pits are recorded In the hatched areas 
on the inn^most periphery side (from racfius position 
22.6 mm to radius position 24.0 mm) and the outermost 
periphery side (after radii^ position 58.00 mm). In the 
emboss area (also referred to as ROM area), all "OOh" 
data» a reference code for 2 ECO blocks (from absolute 
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address "2F00h"), and 186 blocks of controf data (from 
absolute address '2F200h*'} are recorded. An ECC 
block is a data unit that composes an error correction 
block. An error correction code parity Is added to data of 
every 32 kbytes (= 2 kbytes x 16). $ 
[(K)2S] Control dal& and reference code are recorded 
when a master disc is cut. The control data and refer- 
ence code are read-only pit data. The control data 
includes physical management information and so forth 
of the optical disc. io 
I0O29] Areas other than the en^ss area (namely, 
areas from mdius portion 24.0 mm to radius position 
58.0 mm) are rewrH^e areas of which tracks are 
formed with grooves (namely, groove area). In ^e 
groove area, a user area is from radius position 24.19 15 
mm to radius position 57.9 mm (from absolute ackdress 
"31000h'* to absdute address "1 AOEBFh"). 

In the rewritable areas on the inner periphery 
side and the outer periphery side of the user area, a 
guard zone, a disc test zone, a drive test zone, and a 20 
DMA (defect management area) are formed. The guard 
zone is formed so as to allow data written to the disc test 
zone and DMA to synchror^ze with a write clock The 
disc test zone is formed so as to check the disc condl- 
tioa The drive test zone is formed so as to check the 55 
cordftion of the recording/reproducing drive. 
[0031] DMA1 and DMA2 are formed on the Inner 
peri^ery stele of the disc. DAMS and DAM4 are formed 
on the outer per^hery side of the disc. Same Informa- 
tk>n is recorded hi each of the DMA1 to DMA4. A 30 
detected result of a defect in the recordable area and 
information of a substiUite sector are recorded in the 
DMA. Since the recording/reproducing operation is per- 
formed with reference to the contents of the DMA, a 
defective area can be sk^ped. The inner periphery s$ 
areas of the rewritable area (other than the user area) 
and the emboss area on the innermost periphery side 
structure a lead-in area as a management area. 
[0032] In the groove area other than the emboss area 
on the optical disc 1, tracks are pre-formed with wob- 40 
bling grooves. The wdDbling grooves represent absolute 
addre^es. Thus, the recording/reproducing apparatus 
can obtain information of absolute addresses and so 
forth with reproduced signals of grooves. 

Figs. 3A and 3B show examples of the struc- 45 
ture of grooves of the optical disc 1. As shown in Fig. 
3A, a pre-groove is spirally formed from the inner 
periphery to the outer per^ery in a groove area of the 
optical disc 1. 

[0034] As shown In Fig. 36, the left and right side walls so 
of the pre^^roove la are wobbled corresponding to 
^ress information. In other words, the pre-groove la 
is woMed at a predetermined perfod of a wobbling sig- 
nal gen^ated corre^nding to an address. A land lb is 
formed between adjacent grooves la. Data is recorded 55 
on a groove la Thus, the track pitch is the distance 
between the centei^ of adjacent grooves la. The track 
pitch is for e)ample 0.8 jun. The groove width (the wkfth 



of the bottom porfion of each groove la) is for example 
0.48 |im. The width of each groove la is larger than the 
width of each land lb. 

[0035] The wobbling amount of each groove la is 
<3i^me6 as the vaiue of the wobble wkith WW. In this 
example, tl^ vK^e wklth WW is 12,5 nm. On esc^ 
groove, the wc^e amount instantaneously increases 
at predeternnned intervals. A portion of wNch the wob- 
ble amount instantaneously increases is referred to as 
fine clock mark. In this portion, the wobble amplitude is 
for example 26 to 30 nm. 

[0036] One track (one turn of ^e disc) has a plurality 
of wotting address frames. Each wol±lrng addre^ 
fiBme is divided into eight portions in the direction of the 
rotation of the disc. The eight portions are servo de- 
ments (segment 0 to segment 7). Each servo segment 
(hereinafter sintpiy referred to as segment) contains 48- 
brt Information that mainly an absolute address. The 
wobbling of each segment is composed of 360 waves. 
[0037] Rne clock marks are formed on a wobbfrng 
g"oove at equal intervals. With the fine clod< marks, a 
PLL drcurt generates a reference dock signal so as to 
recoid data. 96 fine ctock marks are formed per rotation 
of the cBso. Hius, 12 fine clock marks are formed per 
segment, 

[0038] Pig, 4 shows the structure of each wealing 
address frame as segments (segment 0 to segment 7). 
In each (484)it) vwjbbilng address frame, the first four 
bits are used for a synchronous signal that represents 
the start of the wobbling address frame. The four-bit 
synchronous pattern is bi-phase data of which four-btt 
data is composed of eight channel bits. The next four 
bits are used for layer information that represents a 
layer number of a plurality of record layers or a layer 
staictureofthed'sc. 

[0039] The next 20 bits are used for a track address 
(track number) as an absolute address. The next four 
bits ^e used for a segment number. The segment 
nun^er is a value in the range from "0" to '*7" corre- 
sponding to segment 0 to segment 7. In oth^ worcite, 
the s^ment number r^esents the drcumference 
positfon of the disc. The next two bits are resen/ed. As 
the last 14 bits of the wobbling address frame, an error 
detection code (CRC) Is added. As was described 
above, fine clock marks are formed in each wobbling 
address frame at equal intervals. 
[0040] Data Is read/written as each ECC block. One 
sector is composed of for example 2 kbytes. One block 
is composed of for example 32 kbytes. Fig. 5 shows the 
structure of one sectw. One secta* is composed of data 
ID (loiar bytes). lED (two bytes), reserved area (six 
byt^), user data (^48 bytes = 2 kbytes), and EDO 
(four bytes), in other words, one sector is conposed of 
a total of 2064 bytes. 

[0041 ] The data ID contains a track number and a sec- 
tor nun^er corre^onding to an address of the wobbling 
groove. The lED Is an error detection parity correspond- 
ing to a data ID (for example, CRC). The EDO is an en^or 
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detec?tion parity (for example, CRC) that is used so as to 
determine whether or not user data that has been error- 
corrected has an error. 

l(M2] With 16 sectors (each of which has the struc- 
ture ^own m Fig, 5), an ECC block shown in Rg. 6 is 5 
corrposed. Each sector is composed of 2064 bytes 
(172 bytes X 12). When 16 sectors (each of which is 
conposed of 172 bytes x 12) is vertically arranged as 
shown in Rg. 6» a data anay of (172 bytes x 192 {« 12 x 
16)) Is formed. The user data of 192 x 172 bytes is io 
encoded with a product code. In other words, data of 
each line (1 72 bytes) is encoded with an inner code (for 
exanple. Reed Solomon code). Thus, an inner code 
parity of 10 bytes (PI) is generated. In addition, data of 
^ch column (1^ bytes) is encoded vwth an outer code is 
(for example, Reed Solomon code). Thus, an outer 
code parity of 1 6 bytes (PO) is generated. 
[CKM3] Moreover, in b/od? segmented data of 182 
bytes X 20B (= (172 + 10) x (192 + 16)), the outer code 
parity(PO)of l^fc^esx 16 IS divided into data of 16 X 5o 
(1^ bytes X 1). As shown In Fig. 7, the dmded portions 
of the out^ code parity are interl^ed with 16 sectors 
0 to 15 (each of which Is composed of (182 bytes x 12)), 
in other words, each of the divided portions of the outer 
parity is placed at end of each of the sectors . After ss 
the encoding process wrih the product code is per- 
formed, data of 13 (= 12 + 1) X 182 bytes is treated as 
data of one sector. 

10044] When data of 1 82 byt^ x 208 shown in Fig. 7 
is recorded on the disc, the data is recorded in the struc- 30 
ture of a transmissfon frame sfiown in Rg. a In other 
words, 182 bytes of each llgne is divided into two por- 
tions as 208 (rcwvs) x 2 (fram^). At the beginning of 
each portion of ^8 x 2 frames, a linking section (data of 
link area) of 1 3 (rows) x 2 (frames) is added. More accu- ss 
rately, a part of data of linking sections for 26 frames is 
reoorded at the end of the preceding blodc The rest is 
recorded at the beginning of the current block. 
[0045] At the beginning of frame data of 91 bytes, a 
frame synchronois signal (FS) of two byes is added. 40 
Thus, as shown in Fig. 8, data of one frame is com- 
posed of a total of 93 bytes. C>:>nsequently one block is 
composed of 221 (rows) x 93 x 2 bytes. In other words, 
one block (record/reproduction data unit) is composed 
of 442 frames. The size of the real data portion exdud- 45 
ing the overhead portion becomes 32 kbytes (» 2048 x 
16/1024 kbytes). 

[0046] As described above; according to the embodi- 
ment, one tkxM is composed of 16 sectors. One sector 
is composed of 26 frames. A linking sec^on is formed so 
between two adjacent btocks. The linking section func- 
tions as an area for alfowing data that is recorded or 
reproduced to synchronize with a clock signal. 
[0047] The pr^nt invoition relates to a finalizing 
process necessary for allovwng a ROM drive (for exam- ss 
pie, a DVD-ROM drive) to reproduce data from an opti- 
cal disc (for example, a DVD+RW disc). The data has 
t^een recorded on the optical disc by the above- 
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described drive. Fig. 9 shows the conc^ of the finaliz- 
ing process aojording to tie present invention. In Rg. 9, 
data is r^mied as bfocks in a user area of a rewrltabie 
area in which a wobbling groove is fomied. 
[0048] When the DVD-ROM drive accesses the 
DVD+RW disc and readsdata therefrom, the DVD-ROM 
drive repeats a coarse seek opeiBtion and a fine seek 
conation several times and obtains a target track. 
Wien the DVD-ROM drive performs the spindle servo 
operation and reads the data ID of each sector, if the 
data ID has not been recorded, the DVD-ROM drive 
cannot otAmn a frame synchronom information as 
servo information. In this case, the spindle servo 
become out-of'<x)ntrol state. In addition, since ^e ID 
data is absent, the [)VD-ROM drive cannot dDtain posi- 
tion information. Thus, the DVD-F«DM drive should 
always seek a recorded data area. Due to eccentricity 
or the iike of the disc, even if the DVD-ROM drive jumps 
frmt the current tr^ to a desired track, the otitained 
fradc deviates from the desired track to some extent. 
Thus, it is necessary to place dummy data (hereinafter 
referred to as finalization data) in such a range. 
Although the finalization data has no meaning (for 
example, all "0" data), the sector structure and the bfock 
structure thereof are the same as those of the ^bove- 
described user data. Thus, me finalization data confine 
servo Hiformation (frame synchronous signal) and posi- 
tion information (ID). 

[0049] Fig. 9 shows an example of the state of which 
as the result of the finalizing process, f inaifzatlcn data Is 
recordBd before and after a recorded area of a user 
area, a rewritable area (test zone, DMA, and so forth) of 
a lead-in area, and a rewritable area (DMA) of a lead- 
out area. The data amount of finalization data that is 
recorded is equivalent to the width of several hundred 
tracks although It depends on the seek accuracy of the 
drive« the amount of eccentricity of the disc, and so 
forth. 

[0050] To perform the finalizing process, it is neces- 
sary to determine whether each blodc is a recorded 
Wock or non-recorded block. A bit map table that has 
bits that correspond to all bfocks of the rewrital:^e area 
and that represent whether the relevant blocks are 
recorded blocks or non-recorded blocks is created. In 
ihe bit map table, a recorded block BLVsd a non-recorded 
blodc are denoted by "1" and '^O", respectively. When- 
ever a wrrle command is ^cecuted. the bit correspond- 
ing to the relevant block is changed to "r. This, 
nifomiation that r^resents a recorded (written) block 
can be used. This bit map is referred to as WBBM (Writ- 
ten Block Bit Map). 

post ] In the stnicture shown in Rg. 1 , the CPU 21 
receive informati<xt corresponding to a write command 
from the controller 5. Under the control of the CPU 21 , a 
WBBM is fomied in the RAM 23. At a predetermined 
timing (that will be described later), the GPU 21 reads 
the WBBM from the RAM 23. The controfler 5 records 
the WBBM to a predetermined area of the lead-in area 
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of op^cal disc 1 as wrttt the user data. V\^en the 
user issues to the host processor 10 (or the disc drive} 
a oommand for execut'ng the finafizing process that 
causes, the command is sent to the CPU 21. Thus, the 
CPU 21 causes the disc drive to write a predetermined s 
aiT«)unt of finalization data before and after each 
recorded t^ock corresponding to the latest WBBM. 
[0052] As shown In Fig. 1 0, the WBBM Is placed in the 
lead-in area along with a test zone, a DMA, and so forth. 
The WBBM can be placed in the range from SOOOOh to io 
310D0h of the lead-in area. Guard zones are preferably 
placed before and after the WBBf^. Theoretically, the 
finalizing process can be performed with one WBBM. 
However, to litprove the rdiability of the finalizing proc- 
ess and decrease the number of times of the write oper- is 
ation to the same area, rt is very effective to provide a 
plurality d WBBMs (WBBM-1 to WBBM-N}. Since the 
numb^ of tim^ of the write operation is limited in 
phase change t>pe disc mediums (around 100,CK)0 
times), rf the write o^&raXion is repeatedly performed in 20 
the same area, the life of the medium is shortened. 
1^)053] Next, an example of the structure of the WBBM 
will be descrS:>ed in detail As described ^ve, one 
block is conposed of 16 sectors (32 Kbytes). Since one 
DVD4RW disc has a storage capadty of around 3 25 
Gbytes, the disc has ^,000 to 100,000 blocks. When 
each t^ck is correlated with one bit. a bit map of around 
12 kbytes kb required. By adding management inlbmria- 
tion to the bit map, one WB^ is structured. When a 
WBBM is recorded on the disc, as with user data, an 30 
encoding process with a product code and a frame 
structuring process are performed, in other words, one 
ECC biock is composed of one WBBM. 
[0054] Ab shown in Fig. 1 1 Jn one WBBM, a WBBM 
identifier, a ring nun^er, an update counter, and zone 35 
infornration are added to bit map data. The bit map is 
conposed of bytes. The ujper right corner of the bit 
map r^resents a bit corresponding to a block of which 
the ECC block number is 1. The ECC biock number 
increases tn the left direction of each byte. In additicsi, 40 
the ECC block number increases in the tower direction 
of the bit map. The left portion of Fig. 1 1 shows an 
enlarged view of the N-th byte. The N-th byte includes 
i:xts whose ECC block numbers are 8N to 8N-f7. In the 
N-th byte, a bft whose value is "0" represents that an 45 
ECC block con^e^nding thereto is a non-record^ 
l^ock. In contr^t a bit whose value is "1" represents 
that an ECC blodc (^n-esponding thereto is a recorded 
block 

[0055] The maragement information includes the id* so 
lowing items each of which is composed of one byta 

WBBM identifier: A numeric value representing that 
a relevant ECC block is a WBBM {for exanple, 
OCOCh). 55 
Rir^ nurr^er: Represents the number of WBBMs 
that are treated as one set and the order of a partic- 
ular WBBM In the set. 
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Update counter: A value that is incremented when- 
ever a WBBM is updated. A WBBM with the maxi- 
mum value of the update counter in the set of 
WBBMs is determined as the latest WBBM. A 
WBBM with the minimum value of the update coun- 
ter is updated to the latest WBBM. Thus, a write 
^Delation can be prevented from being concenfrat- 
edly performed to a particular WBBM. Conse- 
quently, the cfisc medium can be prevented from 
detenorating. Even if data of the latest WBBM is 
destroyed, with infbnnation of a WBBM having the 
maximum value of the update counter, the 
destroyed WBBM can be almost restored. 
Zone information: When the finalizing process is 
performed, it is not effective to check all bits. To 
solve such a problem, ail the rewritable area is 
di\^ded into a plurality of zones. When data has 
been written to all ^ocl^ of each zone, a flag that 
r^resents that data has been recorded to all 
blocks is set. Once the flag is set, the finalizing 
pr(x;^ is not performed for the zone. 

[0056] As shown in Rg. 1 2, to improve the reliability of 

the fir^Jjzing process, a plurality of WBBMs with the 
same content may be written. In this case, whenever a 
WBBM is updated, all the WBBMs are rewritten. 
[0057] Fig. 13 shows an example of the ring structure 

of a plur^rty of WBBMs (WBBM-l, WBBM-2 and 

WBBM-IM}. The updiaxe counter of each WBBM is initiaL- 
Ized to lor example "0". When the WBBM-1 Is updated, 
the value of only the update counter thereof becomes 
"r. Next, when the WBBM-2 is updated, the value of 
onJy the update counter thereof becomes "2". Next, 
when the WBBM-3 Is updated, the value of ordy the 
update <x)unter thereof becomes "3", In such a manner, 
a WBBM with the minimum value of the update counter 
is updated. If the values of the update counters of two 
WBBMs are the same, a WBBM with a lower WBBM 
nunr^ ts updated. Hius, a WBBM with the maximum 
value of the i^xiate counter is determined as the latest 
WBBM. 

[0058] Even if a WBBM is not the latest WBBM {even 
if several recorded bits are tost), the WBBM is effective 
information. In other words, betore finalization data is 
writtai to an ECC block that is detemiined as an non- 
recorded block corresponding to the WBBM. the ECC 
block ts checked. Even if the bit corresponding to the 
ECC Wock is incorrect, since the f ralization data is writ- 
ten, recorded data is not destrc^ed. Thus, when a plu- 
rality of WBBMs are used and the oldest WBBM is 
rewritten, later WBBMs remain. In the case that a 
WBBM with the maximum value of the update counter is 
d^ned as the latest WBBM, when the drive Sf^^ns up 
and reads a WBBM, it can determine the latest WBBM. 
[0059] The advantages of the ring structure of 
WBBMs are as foltows. 

[0060] Since the numt>er of times of the write opera- 
tk>n to a particular WBBM is decreased to 1 / (the 
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number of rings of WBBMs), the medium can be sup- 
pressed from deteriorating. 

[0061] Even if a de^ such as power failure of the 
drive takes place during a write operation of a WBBM, 
since the preceding WBBM resides, it can be used as 
the fetest WBBM. 

[0062] A method for creating a plurality of WBBMs 
wrth the same content can be used (r&^undwn write 
operation (see Fig. 12)). This method is the simplest 
countermeasures against a power failura In this case» 
the values of all the update counters should be the 
same. If the counter value of a particular WBBM is dif- 
ferent from the counter values of the other WBBMs, it 
can be supposed that while a WBBM was being 
updated, a power failure took place. In this case, a 
WBBM with a larger value of the update counter rs the 
latest WBBM. The ring structure and the redundant 
write operation can be used together. 
[0063] Next, with reference to Figs. 14A and 14B, 
oth^ a)canples of a WBBM will be described. In the 
example shown in Rg. 14A, a user data map (refen-ed to 
as user WBBM) is paired with the above-described 
WBBM (referred to as conventional WBBM). Since a 
conventional WBBM only represents whether each 
blod< is a recorded block or a non-recorded bloc, it can- 
not rep-esent whether data of a recorded block is user 
data or finalization date. In the user .WBBM,.a bit "1" is 
set to a block to which user data is written. Thus, a bit 
con-esponding to a block to which finalization data is 
written Is stilt ''0". 

[0064J the user WBBM, after a DVD-ROM drive 
has reproduced data from a DVD+RW disc to which 
finalization data had been written, a DVD+RW drive can 
write data to the DVD+RW disc. In this case, to allow the 
DVD-ROM drive to reproduce data from the DVD+RW 
disc, finalization da^ dioukl be written to the DVD+RW 
disc. Since a conventional WBBM is composed of a bit 
map of user data and a l^t map of finalization data 
(namely, the WBBM rspresente whether recorded 
Wocks), the user data and the finalization data cannot 
be distinguished with the WBBM. As a result, finaliza- 
tion ckta is redundantly written. On the other hand, with 
both a user WBBM and a conventional WBBM, finaliza- 
tion can be prevented from being redundantly written. 
[0065] Unlike with the structure of which a user WBBM 
is paired with a conventional WBBM as shown in Fig. 
14A. a portion corresporKling to each block on the bit 
nap may be con^x>sed of two bits so as to distinguish a 
record block of user data and a record block of finaliza- 
tion data as shown in Fig. 1 4B. With such a bit map that 
allows user data and finalization data to be distin- 
guished» the finalizing process can be more effectively 
performed. 

[OOeei mm a DVD+RW dtsc Is formatted, a WBBM 
is written to a predetermined area of ^e lead-in area of 
the DVD+RW disc. When a blank DVD+RW disc is for- 
matted, if the cermicating process is not pertbrmed, ail 
the user area becomes non-recorded state. On the 



other hand, if the certificating process is performed, ail 
the user area becomes recorded state. When the 
DVD+RW disc is reformatted, since recorded data 
resides in the user area, the existing WBBM is used. 

5 J0067] When a DVD+RW disc is loaded to a drive, a 
WBBM Is read to a memory (RAM 23 shown in Fig, 1) of 
the drive. Fig. 15 is a flow chart showing a process of 
the CPU 21 performed when a medium is loaded to the 
drive. At step 81 shown in Rg. 15, the medium is foaded 
10 to the drive. At step S2, the drive spins up and repro- 
duces a DMA and a WBBM in the lead-in area. The 
drive reads the first WBBM (at step S3) and ched<s the 
ring number (management information) of tl^ WBBM 
(at step S4). When the WBBM is ring-structured, since 

15 there are a plurality of WBBMs, the drive reads all 
WBBMs in the RAM 23 and reads values of update 
comters thereof (at step S5). The drive compares the 
values of the update counters of all the WBBMs and 
leaves a WBBM with the maximum value of the update 

20 counter in tfie R^ 23 (at step 86). When the certificat- 
ing process has been completed or data has been writ- 
ten to all the user area, it is not necessary to leave the 
WBBM in the RAM 23 or update the WBBM. This deter- 
mination is performed by CPU 21 of the drive, A flag 

2s is controlled coiregwndlng to the determined result 
(OOaaj Next, with refer^ce to a flow chart shown in 
Rg. 16, a process of the CPU 21 for rewriting a WBBM 
stored in the RAM 23 will be described. This process is 
performed when a write command is executed. For slm- 

30 plrdty. it is assumed that there is no user WBBM. V\^en 
the drive spins up a medium (optical disc 1) and deter- 
mines that a convenffonaf WBBM thereof shodd be 
managed, this process is performed. A write command 
from the host processor 10 is received (at step S11). 

35 When the execution of the write command is completed 
at step S12 (namely, it is determined that data has been 
recorded to all one block), the drive obtains a bit of the 
WBBM in the RAM 23 corresponding to the block on the 
bit map (at step S13), and determines whether or not 

40 thebitis"0"(atstepS14). 

10069] When the bit is "1 it represent that the block is 
a recorded Wock. Since it is not necessary to update the 
bit. the process is completed. In contrast, when the bit is 
""0", the bit conresponding to the block on the WBBM 

45 stored In the RAM 23 is set to "1 " (at step S1 5). In actii- 
tion, a flag that represents ^at the WBBM stored in the 
RAM 23 has been Mpdated is set (this flag is refen-ed to 
as WBBM update request flag), in this case, the flag is 
set to "1 At a predetermined timing (in an eject state of 

50 the optical disc 1 . in a flash cache process, or in a back- 
ground state), the WBBM of the optical disc 1 is 
updated. After the WBBM has been updated, fie 
WBBM update request flag is cleared. In the flag cadie 
proc^ whenever a write command is received, data is 

55 temporarily stored tn the write csLChe. Thus, a predeter- 
mined number of times of the write command can be 
executed at a time The background state is a non-bu^ 
state of the CPU of the drive. 
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[OOK^} Fig. 1 7 ^ a flow chart showrng a process of the 
CPU 21 when WBBMs are updated. This process Is 
executed at a predetermbied timing. In thrs example, it 
is assumed that WBBMs are ring-structured. When the 
WBBM update request fiag Is "1", a WBSM is updated 
(at step S21). The update counter of the WBBM stor^ 
in the RAM 23 is incremented fay "l " (at step S22). 
10071] At step S23, a WBBM preceded by a WBBM 
that has been previously read is upcfeted with the 
WBBM stored in the RAM 23. in this process, among 
some WBBMs of the optical disc 1 , a ring number corre- 
sponding to a WBBM with the n^nimum value of ^e 
^3date counter Is set. A WBBM with the minimum value 
of the update counter is replaced witi the latest WBBM 
stored in the RAM 23. Since the updating process is 
conpleted, the WBBM update request flag is cleared at 
$tepS24. 

10072] To allow a DVD-ROM drive to reproduce data 

from a DVD+RW medium, the user issues a command 
that causes the drive to execute a finalizing process. 
Next, with reference to a flow chart shown in Rg. 18, the 
finalizing process of the CPU 21 performed by the drive 
will be descrD^. A! st^ S3 1 , when the drive receives 
the finalization command from the host processor 10, a 
WBBM on the optical disc 1 is replaced with a WBBM 
stored in ^e RAM 23. Thus, the WBBM stored in the 
RAM 23 is the latest WBBM. Alternatively, the latest 
WBBM may be read from tfie op&'cal disc 1 . 
[Q073] At step 832, with reference to the WBBM 
stored in the RAM 23. all non-recorded blocks adjacent 
to recorded Wocte (bit 5= "1") in a predetermined range 
(for example, blocks equivalent to 300 tracks} are listed 
up. "Rie listed blocks are denoted by B(0), B{1), B(2). ... 
and B(N-1). At step S32, tine initial value oi the variable 
1 is (0). 

[0074] At step S33, it fe determined whether or not the 
variable 1 is N. When (I = N). since the finalization data 
has been recorded to all non-recorded blocks, the 
updating proc^ for the WBBM is preformed (at step 
S34) as descrtoed above (see Fig. 17). 
[0075] The finalization data is reosrded fran the block 
8(0) to the Uock B{N-1). In this case, it is detern^ned 
whether or not an area to which finalization data is 
recorded corresponding to the WBBM is a non-recorded 
area. Even if it is determined that a particular block Is a 
non*recorded btock (bit = 0) corresponding to the 
WBBM. dje to a power ia\lu(&, the block may be a 
recorded tock. When the block Is a recorded block, if 
the finalization date is overwritten, recorded user data 
mil be destroyed. To prevent such a problem, a read 
operation is performed for an area to which finalization 
data is recorded (at step 835). 
[0076] At step S36, it is determined whether or not 
data has been read. When data has been read or it is 
not necessary to record data, since the block B(l) is a 
recorded bk)ck or a record unnecessary bk)cK the final- 
ization data Is not recorded. When data cannot be read, 
the finalization data (dummy data) is recoi<ied to the 



non-r^orded btock B(l) (at step S37). At step S38, the 
variable I is moremmtedi. At step S39» the bit corre- 
sponding to the recorded block on the WBBM is set to 

5 [0077] The riding operation for verifying an non- 
recorded block, the recording operation of the finaliza- 
tion data for a verified non-recorded bkx^ ttie Incre- 
menting operat'on for the variable I, and the process for 
setting the bit corresponding to the block on the WBBM 

10 to "1" are perfonmed for ail non-recorded Wocks that 
have been listed up. Thereafter, at step S34, the bit cor- 
res{^)ndlng to a block that has been determined as a 
recorded blodc on the WBBM is set to "1". The WBBM 
stored in the RAM 23 is written to the optical disc 1. 

IS [0078] In the liow chart shown in Fig . 1 8, a plurality of 
blocks that have been listed up are processed one after 
the other. Alternatively, all blod<s that have been listed 
up may be read and determined whether or not they are 
recorded blocks. Thereafter, fnallzation data may be 

eo written to all non-recorded Wocks. In this case, the proc- 
ess can be effectively performed and thereby preferably 
implem^ed. 

[00791 As described above, a WBBM is used to effec- 
tively perform the finaJizing process. In addition, the 

25 WBBM can be used to effectively perform the read mod- 
ified write operation. A DVD- RW disc is accessed for 
data of 2 kbytes (one sector) at a time by the host proc- 
essor. Ukewlse, the buffer memory of the dnve is 
accessed. On the otiier hand, the disc is accessed for 

30 data of 32 kbytes of a ECC block at a time by the drive. 
When the drive receives a read command for data of 2 
kbytes, it reads a block (32 kbytes) including the sector 
and sends the data of 2 kbytes to the host. In this case, 
the drive discards the remaining data of 30 kbytes. 

35 [0080] The write qseration is more complicated than 
the read operation. As shown in Fig. 19, when the drive 
writes data of 2 kbytes to a particular Wock of the disc, if 
data has been recorded in the block, the drive should 
read tiie block, replace data oi 2 kbytes of the relevant 

40 sector with write data received from the host processor, 
and then write data of 32 kbytes to the original block. 
This proc^ is referred to as read modified write oper- 
ation. In this case, to write data of 2 kbytes to the disc, 
the drive reads data of 32 kbytes from the disc and then 

4S writes data of 32 kbytes thereto. To prevent the read 
nxxJrfied write operation, the drive temporarily stores 
wnte data in a buffer memory (the buffer memory 6 
shown in Rg. 1) and completes the write command. 
This operatkjn is referred to as write cache c^eration. 

so {0081] G^sraiiy. the host cottputer tends to write 
successive sectors. Thus, as the host computer stores 
write data, data of one block may take place. In this 
case, the drive only performs the write operation for 
data of 32 Wyies without ^e read op^tion. The drive 

ss can write a plurality of blocks at a time. However, the 
drive may write data of 2 kbyt^ at a time, in addition, 
when the drive writes long data» It should perform the 
read modified write operation at the beginning and 
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erd of tie data 

[0082] When the drive performs the read modified 
write operation for a particular block, the block may be a 
non-recx»rded bfock. Generally, when flie drive cannot 
read a block, it determines that the fc^ock is a non- s 
recorded blod^ corre^onding to information such as a 
signal level. When the block fs a non-recorded block, the 
cfarive places all "0" data in Uie bb(^ except for write data 
received from the host processor, in this case, when the 
drtve can determine that the Wock is a non-recorded io 
block, i1 can perfc^-m the write operation without the read 
Of;)era^on. In other words, the performance can be 
iirproved two times. To Improve the efficiency of the 
re^ modified write (deration, a WBBM can be used. 
[00833 For a recorded block on a WBBM. when the is 
drive writes a part of sector (2 kbytes), it ^ould perform 
the read modified write (HJeration. On the other hand, for 
a non-recorded block (bit = "0") on a WBBM, although a 
recorded portion may be treated as a non-recorded por- 
^ due k> a power farkire or the like, the block is almost so 
a non-recorded block. Thus, the drive can place all "0" 
data in the block except for write data received and per- 
form the wrrte operation wfthout the read nnodi'fied wrrte 
operation, 

[0084] In most file systems, a medium is used In the 25 
ascending order of LBA (Idgfcai block address). Thus, 
the drive tends to write data In an area preceded by 
write data. On the other hand, in the coBe of a medium 
that is used without the certifying process, the probabil- 
ity of which an area preceded by write data is a non- so 
recorded area is very high. 

[0065] Thus, In the case that the CPU 21 has read an 

ar^ adjacent to a write area and determined that the 
read area is a non-recorded area, when the CPU 21 
receives a write command for the area, it can immedi- ss 
ateJy perform the write operation without the read modi- 
fied write op^albn. While the host processor 10 is not 
accessing the CPU 21. it checks a WBBM in the RAM 
23, r^ds a portion preceded by a recorded area of the 
optical disc 1 . and detern^'nes that the portion is a non- 40 
recorded portion. This operation may be peribrmed in a 
relatively narrow range for the next write command. 
[0(^6] When the CPU 21 receives a write command 
for the area (or caches the write command), if it has 
determined that the area is a non-recorded area, it 45 
places all "0" data as data in the same block other than 
the write data and perfotrr^ the write opers^or^, for 
^^npte, without the r^d modified write opera^n. 
AKematively, aft^ the CPU 21 has performed ^e write 
operation, it updates the WBBM in the BAM 23, Thus, so 
the drive detern^nes whether or not the next area is a 
non-recorded area. 

[0087] The present invention is not limited to the 
above-descrfced emlXKliment. Instead, various modifi- 
cations are availaWe. For example, the fn'esem inven- 55 
tion can be applied to a rewrit^le disc-shaped record 
medium other than the DVD+RW mediiffn and to a WO 
(Write Once) disc-shaped record medium. In addition. 



the present invention can be applied to a disc of which 
address information is recorded in other than wobWing 
groove brmat Moreover* the servo information may be 
information for either GAV or CIV. Furthermore, f inaliza- 
tion data may be recorded before or after a recorded 
block. 

100881 Having described specrffc preferred embodi- 
ments of the present Invention with reference to the 
accompanying drawings, it is to be understood tiiat the 
invention is not limited to those precise embodiments, 
and that various changes and modificatbns may be 
effected therein by one skJiJed in the art without depart- 
ing from file scope or the spirit of the inv^on ^ 
defined in the appended claims. 
[0089] According to the present invenifon. since a bit 
map that represents that each block is a recorded block 
or a non-recorded block is provided, in comparison with 
a method for analyzing a fie system, the drive can exe- 
cute a finalizing proc^ regardless of a file system for 
use. In addition, even if the number of directori^les Is 
large, the drive can effectively perform the finalizrig 
process. 

[0090] In addition, according to the present mvention, 
in Gompari^n with a method for reading all blocks and 
determining whether they are recorded blocks or non- 
recorded blocks, the drive can quicWy perform thefinal- 
izing process. In addition, the user is not requested to 
perform the certifying process. Since the period neces- 
sary Ibr ^e finalizing process is much shorter than the 
period necessary for the certifying process, the effi- 
ciency is very high for the user. 
[0091 ] When WBBMs are ring-structured, the number 
of times of the write operation for a WBBM to the same 
bio<^ can be decreased. Thus, the medium can be pre- 
vented from deteriorating. An area preceded by a 
recorded area is pre-read in background state. When a 
write oomnnand for the area is received, it is not neces- 
sary to perform the read modified write operation. Thus, 
the performance can be improved. In particular, m the 
case of the flush cache process, a write cache disable 
command, or a command with an FUA flag (that causes 
data not to be cached and write operation to be immedi- 
ately performed) is used, the operation is very effec- 
tively performed. 

Claims 

1 . A recording ^paratus for use with a disc- shap«i 
record medium having a user data area mid a man- 
agement area, comprising: 

recording means (8) for recording at least one 
conventional bit map that represent whether or 
not each data unit lor recording/r^roducing 
has been recorded; 
and 

processing means for recording the bit map to 
the nnnagement area of the discshaped 
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r^id medium (1), and referencing the bit map 
and adding a predetermined amount of data 
that contains at ieast one of servo information 
and position information to a non-recorded 
area in the vicinity of recorded data so as to 5 
allow 3 reproducing apparatus that reproduoas 
data from a re^-onfy disc-shaped medium (1} 
and obtains at least one of the servo informa- 
tion and the position information from a repro< 
duced signal to rqprodu<^ data from a w 
rewrrtabie drscHshaped record medium (1). 

2. ThB recording apparatus as set ibrth in clarm 1 
wherein the management area has a plurarrty of 
conventionaf bit maps and an update counter each 1$ 
of the bit maps has a value of an update counter 
tl^ represents the nunt»er of i^xiate times of each 

of bit maps, and the processing means rewriting the 
plurality of bit m^s successively and rewriting the 
value the update counters of the bit map rewrit* ^ 
ten con-esponding to what represents the number 
of update times. 

3. The recording apparatus as set forth in claims 1 or 

2 wherein #)e management area has a piurality of 25 
the bit map, and the processing means rewrites 
redundantly the plurality of bit maps at a time. 

4. The recording apparatus as set forth in anyone of 
claims 1 to 3 wherein the management area having so 
user date bit map wNch the conventional bit map is 
paired with, arKii the user data bit map represents 
whether or not the user data has been recorded for 
each recofd^r^roduction data unit 

35 

5. The recording apparatus as set forth in anyone of 
claims 1 to 4 wherein the conventional bit map com- 
prises a user data bit map, the user data bit map 
has a first bit and a second bit for each 
record/i-eproducfion data unit, and one of the first bit 40 
and the second bit represents whether or not each 
record/reproduction data unit has bem recorded 
and the other of the first bit and the second bit rep- 
resents whether or not the user data has been 
recorded for each record/r^oduction data unit. 4S 

6. The recording apparatus as set forth in anyone of 
claims 1 to 5 wherein the recoiding means (8) 
stores bit map data conesponding to the conven- 
tional bit map, the processing means performs an so 
uspcMng process which rewrites the bit map da^ 
whenever a wrfte operation Is performed and which 
records the fc«t map data to the management area 

at a predetermined tming of which a write q)era- 
lion and a read operation are not performed. ^ 

7. The recording ^sparatus as set forth in claim 6 
wherein the predetenrv'ned timing Is an eject state 
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of the dfec-shaped record medium 1. 

S. The recording ^paratus as set forth in claim 6 
wherein the predetermined timing Is a flush cache 
state. 

B. The recording apparatus as set forth in claim 6 
wherein the predetermined timing is a background 
state in which a command is not received from the 
outside of the recording apparatus. 

IOl The recording apparatus as set forth in anyone of 
the preceding claims wherein the processir^ 
means references the bit map, lists up a non- 
recoided area in the vidnity of recorded data, and 
records a predetermined amount of data that con- 
tains at least one of the servo rniormatlon and the 
position infonration to the verified non-recorded 
area after verifying the non-recorded state of the 
non-recoided area by reproducing the listed non- 
recoided area 

11. The recording apparatus as set forth in anyone of 

the preceding daims 1 wherein the processing 
means verifies whether or not a partial area pre- 
ceded by a recorded area is a non-recorded area 
before performing a write operation by referencing 
the bit map. 

12. The recording apparatus as set forth In claim 11 
wherein the fxocessing means performs a write 
operation for the verified non-recorded area without 
performing a read operation of a r^d modified 
write operatfon. 

13. A recording method for use with a disc-shaped 
record medium 1 having a user data area and a 
management area, comprising the steps of: 

creating a bit map composed of bfe that repre* 

sent whether or not each record/r^roduction 

data unit has been recorded; 

recording (8) the bit map to the management 

area of the drsc*shaped record medium; 

and 

referencing the bit map and adding a predeter- 
mined amount of data ^at contains at least one 
of servo information and position Information to 
a non-recorded area in the vicinity of recorded 
data so as to allow a reproducing apparatus 
that r^roduces data from a read-only disc- 
shaped medium (1) and obtains at feast one of 
the senflD information and the position informa- 
tion from a reproduced signal to reproduce 
data from a rewritable disc-shaped record 
medium (1). 

14. Adisc-8h^>ed record medium having a fnrstrewhta- 
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ble area for recording user data and a second rewrf- 
table area for recording management data, wherein 
at least one of servo infcrmalion and position Infor- 
m^ion ispre-recoided as wobbling information in a 
wobbling groove, and wherein the second rewrita- 5 
bJe area has a bJt map that represents whether or 
not each data unit for recording/reproducing for the 
first rewr^e area has been reconded. 

15. The disc-shaped record medium as set forth in 10 
claim 14 wherein dummy data is added in the vicin- 
ity of recorded data in the first rewritable area and 
the second reu^itat^e area, 

16. The disc-shaped reo^ m^lum as set forth fn is 
claim 1S wheran the dummy data has servo infor- 
mation and position information which are neces- 
sary for a reproducing apparatus that reproduces 
data from a real-only disc-shaped medium (1). 
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